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Bell inequality is a mathematical inequality derived using the assumptions of locality and realism. Its violation
guarantees the existence of quantum correlations in a quantum state. Bell inequality acts as an entanglement
witness in the sense that a pure bipartite quantum state, having nonvanishing entanglement, always violates a
Bell inequality. We construct Bell-type inequalities for product states in quantum coherence theory for different
measures of coherence, and find that the maximally entangled states violate these inequalities. We further show
that Bell-type inequalities for relative entropy of coherence is violated by all two-qubit pure entangled states,
serving as an entanglement witness.
I. INTRODUCTION
Quantum information theory is the issue of marriage of
quantum mechanics and information theory. Quantum infor-
mation protocols, due to presence of exotic resources like en-
tanglement, can perform certain information-processing and
communication tasks far efficiently than classical information
protocols [1]. Quantum entanglement [2] is a basic resource
for various information processing protocols, such as super-
dense coding [3] and teleportation [4]. It is a useful resource
due to its vast applicability in quantum computation and com-
munication tasks [5], as well as in other information process-
ing protocols [6–18]. As put by Schrodinger, entanglement
is not one but the characteristic trait of quantum mechanics
[19]. A composite state of a two-party system is said to be
entangled if it cannot be written as a tensor product of states
of the individual subsystems. The most important characteris-
tic of quantum entanglement is its nonlocality [20], which has
intrigued a lot of research in this area [21–25]. One method
to study the nonlocality is to build Bell inequality, which was
first proposed by Bell in Ref. [20], and later developed in
Refs. [26–28]. Bell had constructed a mathematical inequal-
ity derived using the assumptions of locality and realism, and
showed that it is violated by certain entangled quantum me-
chanical states [20, 26]. Violation of one or more Bell in-
equalities [25] ensure the existence of quantum correlations
in a quantum state. Moreover, they form necessary and suf-
ficient criteria to detect entanglement in pure bipartite states
[28, 29]. A pure bipartite quantum state, having nonvanishing
quantum correlation, always violates a Bell inequality. On the
other hand, it is not necessarily true for bipartite mixed states
and multipartite systems. For instance, Werner states [30], for
certain parameter ranges, do not violate the Clauser- Horne-
Shimony-Holt (CHSH) Bell inequality [26]. Similarly, there
are examples of multiparty pure entangled states which do not
violate multipartite correlation function [31–33] Bell inequal-
ities with binary measurement settings at each site [34, 35].
Like entanglement, several other useful quantum resources
like purity [36], reference frames [37, 38], thermodynamics
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[39, 40], etc. have been identified and quantified thus far. The
development of any resource theory requires identifying two
basic components [41–44], namely free states and free (or al-
lowed) operations. Other states and operations are dubbed
as a resource in the corresponding resource theory. For en-
tanglement theory, separable states are free states and local
operations and classical communication (LOCC) are free op-
erations as these operations do not create entanglement on an
average. Recent progress in the fields like quantum biology
[45–49] and quantum thermodynamics [50–57] reveal the par-
ticular role of “quantum coherence” in quantum processing.
Coherence is identified by the presence of off-diagonal terms
in the density matrix, and is a basis-dependent quantity. That
is, a quantum state may have nonvanishing coherence in one
basis, and vanishing coherence in another basis. Unlike en-
tanglement and other quantum correlations such as quantum
discord [58, 59], coherence is defined for both single and mul-
tipartite systems. Baumgratz et al. in Ref. [60] have provided
a quantitative theory of coherence as a new quantum resource.
To quantify coherence in a given state, several kinds of co-
herence measures such as l1-norm of coherence and relative
entropy of coherence have been proposed in [60, 61]. Quan-
tum coherence, being a resource in quantum information and
quantum thermodynamics, has arrested a lot of attention of
the quantum community. Besides quantification of quantum
coherence, relationship between coherence and other quan-
tities like quantum entanglement, quantum discord, mixed-
ness are also established in [62–67]. In Ref. [66], authors
investigated quantum coherence in multipartite systems and
revealed the connection between coherence, quantum discord,
and entanglement (see Fig 1). Moreover, they also shown that
the global unitary operations do not outdo than the local uni-
tary operations. That is, for the state |00〉 in HA ⊗ HB with
dimHA = dA and dimHB = dB , it is easy to show that
for any global unitary operation U , there always exists a local
unitary operation V1 ⊗ V2 such that
Cl1(U |00〉) = Cl1(V1 ⊗ V2 |00〉), (1)
which is very different from the entanglement case as local
unitaries can not increase the entanglement. Thus, it seems
that the global unitary operations can not be better than lo-
cal unitary operations for quantum coherence. Other develop-
ments like the freezing phenomena [68], the coherence trans-
formations under incoherent operations [69], establishment of
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2geometric lower bound for a coherence measure [70], creation
of coherence using unitary operations [66], energy cost of cre-
ating quantum coherence [57] have also been reported. On the
other hand, authors in Ref. [71] have proposed an operational
resource theory of quantum coherence, which provides physi-
cal interpretations to the coherence measures via the transfor-
mation processes like coherence distillation.
In this paper, we investigate the quantum coherence in mul-
tipartite systems, and pursue the answers to the following
questions: (i) Can we construct Bell-type inequalities in quan-
tum coherence theory to demonstrate the nonlocal properties
present in quantum coherence? (ii) Do the violations of these
inequalities guarantee the existence of quantum correlations
in a quantum state? We find that the answer is in affirmative.
We construct Bell-type inequalities for product states for both
l1-norm of coherence and relative entropy of coherence based
on the idea of Bell inequality in entanglement theory. We find
that the maximally entangled state violates these inequalities.
We further show that the Bell-type inequality for relative en-
tropy of coherence is violated by all two-qubit pure entangled
states, thus acting as an entanglement witness.
Coherence
Discord
Ent
FIG. 1. The relationship between entanglement, discord and coher-
ence in composite quantum states [66], where “Ent” denotes entan-
glement. The hierarchical relation, C(ρ) ≥ D(ρ) ≥ E(ρ), signifies
that quantum coherence is a rather ubiquitous manifestation of quan-
tum correlations.
The paper is organized as follows. We start with providing
preliminaries on measures of coherence and Bell inequality
in Sec. II. In Sec. III, we construct Bell-type inequalities
for bipartite product states for different measures of coher-
ence, and give examples to show that these inequalities are
violated by the maximally entangled two-qubit pure state. We
further show that the Bell-type inequality for relative entropy
of coherence is violated by all two-qubit pure enatngled states,
serving as an entanglement witness in Sec. IV. Finally, we
conclude in Sec. V with a discussion on the results obtained.
II. PRELIMINARIES
In this section, we briefly recall the valid measures of co-
herence that quantify quantum coherence in quantum states in
a fixed reference basis, and discuss about a particular Bell in-
equality called the Clauser-Horne-Shimony-Holt (CHSH) in-
equality.
A. Measures of Coherence
For a quantum state ρ, in the reference basis {|i〉}, two
proper measures of quantum coherence in the framework of
Ref. [60], are l1-norm of coherence (Cl1 ) and relative entropy
of coherence (Cr). They are defined as following: (i) The
measure of coherence, Cl1 , based on l1-norm is defined by
Cl1(ρ) :=
∑
i 6=j
|ρij |. (2)
For the pure state, |Ψ〉 = ∑i ci|i〉, it reduces to
Cl1(|Ψ〉) :=
(∑
i
|ci|
)2 − 1, (3)
where ci = 〈i|Ψ〉. (ii) The measure of coherence, Cr, based
on relative entropy is defined by
Cr(ρ) := minσ∈IS(ρ ‖ σ) = S(ρd)− S(ρ), (4)
where I is the set of all incoherent states in the reference ba-
sis {|i〉}, S(ρ ‖ σ) = Trρ(log ρ− log σ) is the relative en-
tropy between ρ and σ, S(ρ) = −Trρ log ρ is the von Neu-
mann entropy of ρ, and ρd is the diagonal state of ρ, i.e.,
ρd =
∑
i〈i|ρ|i〉|i〉〈i|. For the maximally coherent pure state
given by |Ψd〉 = 1√d
∑d−1
i=0 |i〉 [60], Cl1(|Ψd〉) = d − 1 and
Cr(|Ψd〉) = log d.
B. Bell Inequality
Bell, in 1964, constructed an inequality (referring to cor-
relations of measurement results) that is satisfied by all the-
ories that are both local and counterfactual-definite [20]. He
then showed that quantum mechanics violates this inequal-
ity. That is, quantum mechanics cannot be both local and
counterfactual- definite. This is the celebrated Bell’s theorem.
Thus, based on the assumptions of locality and reality, one can
construct mathematical relations, the CHSH-Bell inequalities
[20, 26], which can be violated by quantum mechanical sys-
tems. Consider two observers Alice and Bob share a bipartite
state ρAB . Suppose that Alice has two observables Q and R
with two possible outcomes ±1 for each observable. Sim-
ilarly, Bob has two observables S and T with two possible
outcomes ±1 again for each observable. In the classical case
(that is, if a local hidden variable model exists for this state),
it is easy to show that for these four dichotomic observables,
we have
|E(QS +RS +RT −QT )| ≤ 2. (5)
However, this inequality can be shown to be violated by sev-
eral quantum mechanical two-qubit bipartite states. In quan-
tum mechanics, we have
|E(QS +RS +RT −QT )| ≤ 2
√
2. (6)
The maximum value is achieved when Alice and Bob share
the EPR pair, |Ψ〉 = 1√
2
(|01〉 − |10〉), and their observables
3are
Q = Z, R = X
S = (−Z −X)/
√
2, T = (Z −X)/
√
2
where X =
[
0 1
1 0
]
and Z =
[
1 0
0 −1
]
are Pauli matrices.
For more details on Bell inequality and nonlocality, see Ref.
[25].
III. BELL-TYPE INEQUALITY FOR PRODUCT STATES
IN QUANTUM COHERENCE
In this section, we consider coherence in bipartite quantum
systems. In particular, we build Bell-type inequalities for bi-
partite product states for different measures of coherence, and
find that two-qubit maximally entangled pure states violate
these inequalities. We further show that Bell-type inequal-
ity for relative entropy of coherence is violated by all two-
qubit entangled pure states, acting as an entanglement wit-
ness. We are also able to find a basis in which Bell-type in-
equality for l1-norm of coherence is violated by a large num-
ber of two-qubit pure entangled states. Since coherence is a
basis-dependent quantity, we must specify the basis we have
chosen. As we know, if we choose observable X in HA and
observable Y inHB , then the eigenstates of X and Y can form
a local basis of HA ⊗ HB . For a bipartite state ρAB , and
any two observables X and Y inHA andHB respectively, we
will denote Cr(X,Y, ρAB) and Cl1(X,Y, ρAB) by Cr(ρAB)
and Cl1(ρAB) in the local basis formed by X and Y. Likewise,
Cr(X, ρA) and Cl1(X, ρA) will be denoted by Cr(ρA) and
Cl1(ρA) respectively in the local basis formed by X. Cr(Y, ρB)
and Cl1(Y, ρB) are denoted similarly.
A. Bell-type inequality for l1-norm of coherence
Here we prove that there exists a Bell-type inequality for l1-
norm of coherence for bipartite product states. The violation
of this inequality would then suggest that quantum states are
entangled, and hence nonlocal.
Theorem 1. In two-qubit systemHA⊗HB , if the global state
ρAB is a product state ρA⊗ρB ∈ D (HA ⊗HB), then for any
observables R, Q inHA and observables S, T inHB , we have
[Cl1(Q,S, ρAB) + 1] + [Cl1(R,S, ρAB) + 1]
+ [Cl1(R, T, ρAB) + 1]− [Cl1(Q,T, ρAB) + 1] ≤ 8.
Proof. When ρAB = ρA ⊗ ρB , we have the following fact
Cl1(X,Y, ρA ⊗ ρB) + 1 = (Cl1(X, ρA) + 1)(Cl1(Y, ρB) + 1).
(7)
Note that this is true for any product state in arbitrary dimen-
sions.
Then, using (7), we have
[Cl1(Q,S, ρA ⊗ ρB) + 1] + [Cl1(R,S, ρA ⊗ ρB) + 1]
+ [Cl1(R, T, ρA ⊗ ρB) + 1]− [Cl1(Q,T, ρA ⊗ ρB) + 1]
= (Cl1(Q, ρA) + 1)(Cl1(S, ρB) + 1)
+(Cl1(R, ρA) + 1)(Cl1(S, ρB) + 1)
+(Cl1(R, ρA) + 1)(Cl1(T, ρB) + 1)
−(Cl1(Q, ρA) + 1)(Cl1(T, ρB) + 1)
For simplicity, let us write
WQ = Cl1(Q, ρA) + 1, WR = Cl1(R, ρA) + 1
WS = Cl1(S, ρB) + 1, WT = Cl1(T, ρB) + 1
For two-dimensional systems, we have 1 ≤ WX ≤ 2, for
X = Q, R, S, T . Hence, the absolute value of above equa-
tion is given by
|WQWS +WRWS +WRWT −WQWT |
= |WQ(WS −WT ) +WR(WS +WT )|
≤WQ|WS −WT |+WR|WS +WT |
≤ 8.
That is,
[Cl1(Q,S, ρA ⊗ ρB) + 1] + [Cl1(R,S, ρA ⊗ ρB) + 1]
+ [Cl1(R, T, ρA ⊗ ρB) + 1]− [Cl1(Q,T, ρA ⊗ ρB) + 1] ≤ 8.
(8)
Hence the proof.
The equality will be achieved when WQ = WR = WS =
WT = 2, i.e., when ρA and ρB are maximally coherent pure
states [72]. We will denote the left-hand side of inequality (8)
by BCl1 .
B. Bell-type inequality for relative entropy of coherence
In full analogy to the l1-norm of coherence, we can also es-
tablish Bell-type inequality for relative entropy of coherence.
Theorem 2. In two-qubit systemHA⊗HB , if the global state
ρAB is a product state ρA⊗ρB ∈ D (HA ⊗HB), then for any
observables R, Q inHA and observables S, T inHB , we have
Cr(Q,S, ρAB) + Cr(R,S, ρAB)
+ Cr(R, T, ρAB)− Cr(Q,T, ρAB) ≤ 4.
Proof. When ρAB = ρA ⊗ ρB , it is easy to see that
Cr(X,Y, ρA ⊗ ρB) = Cr(X, ρA) + Cr(Y, ρB). (9)
This is also true for any product state in arbitrary dimensions.
Therefore, using (9), we have
Cr(Q,S, ρA ⊗ ρB) + Cr(R,S, ρA ⊗ ρB)
+ Cr(R, T, ρA ⊗ ρB)− Cr(Q,T, ρA ⊗ ρB)
= 2[Cr(R, ρA) + Cr(S, ρB)] ≤ 4. (10)
Hence proved.
4Similar to the l1-norm case, the equality will be obtained
when ρA and ρB are maximally coherent pure states. We will
denote the left-hand side of inequality (10) by BCr .
C. Violation of Bell-type inequalities
Here we show explicitly that Bell-type inequalities for
both l1-norm of coherence and relative entropy of coherence
are violated by the maximally entangled (singlet) state,
|Ψ〉 = 1√
2
(|01〉 − |10〉), for some reference bases.
Example 1. Consider the basis
Q : { | 0〉, | 1〉 } , R : { | R+〉, | R−〉 }
S : { | +〉, | −〉 } , T : { | 0〉, | 1〉 } ,
where |R+〉 = 1α (|+〉 + |0〉) and |R−〉 = 1β (|+〉 − |0〉) are
the eigenstates of the observable (−Z − X)/√2, and α =√
2 +
√
2, β =
√
2−√2. Then, after some simple calcula-
tions, we obtain Cl1(Q,S, |Ψ〉) + 1 = 4, Cl1(R,S, |Ψ〉) + 1 =
Cl1(R, T, |Ψ〉) + 1 = 2 +
√
2 and Cl1(Q,T, |Ψ〉) + 1 = 2.
Hence,
BCl1 = 6 + 2
√
2 > 8.
In fact, the above inequality is true for any two-
qubit maximally entangled state. Similarly, we obtain
Cr(Q,S, |Ψ〉) = 2, Cr(R,S, |Ψ〉) = Cr(R, T, |Ψ〉) =
H( 14α2 ,
1
4α2 ,
1
4β2 ,
1
4β2 ) = 1.6009 and Cr(Q,T, |Ψ〉) = 1.
Therefore,
BCr = 4.2018 > 4.
Again, the above inequality is true for any two-qubit maxi-
mally entangled state.
Example 2. Compared to Example 1 above, we obtain larger
violations of both Bell-type inequalities if we take the follow-
ing basis
Q : { | 0〉, | 1〉 } , R : { | R+〉, | R−〉 }
S : { | S+〉, | S−〉 } , T : { | 0〉, | 1〉 } ,
where
[ |R+〉 |R−〉 ] = [ |0〉 |1〉 ] [ 1√2 i√2i√
2
1√
2
]
,
and
[ |S+〉 |S−〉 ] = [ |0〉 |1〉 ] [ 1√2 1√2− 1√
2
1√
2
]
.
We, then, have Cl1(Q,S, |Ψ〉) + 1 = Cl1(R,S, |Ψ〉) +
1 = Cl1(R, T, |Ψ〉) + 1 = 4, Cl1(Q,T, |Ψ〉) + 1 = 2,
and Cr(Q,S, |Ψ〉) = Cr(R,S, |Ψ〉) = Cr(R, T, |Ψ〉) =
2, Cr(Q,T, |Ψ〉) = 1. Therefore,
BCl1 = 10,
0.2 0.6 1
p
2
4
5
BCr
FIG. 2. Plot of the quantity, BCr = Cr(Q,S, ρAB) +
Cr(R,S, ρAB) + Cr(R, T, ρAB) − Cr(Q,T, ρAB), against the pa-
rameter p for the Werner state, ρAB = p I4 + (1 − p)|Ψ〉〈Ψ|, for
the bases chosen in Example 2. We see that the Bell-type inequal-
ity for relative entropy of coherence is violated (BCr > 4) for
0 ≤ p . 0.07.
and
BCr = 5.
Next, for the Werner state ρAB = p I4 + (1 − p)|Ψ〉〈Ψ|, for
Q, R, S, T chosen in Example 2 above, we obtain
BCr = 5−H(
p
2
, 1− p
2
)− 2H(p
4
,
p
4
,
p
4
,
4− 3p
4
),
where H({ pi }) =
∑−pi log pi is the Shannon entropy of
the probability distribution of { pi }. The plot of the quantity
BCr , in the above equation, against the white noise parameter
p is shown in Fig. 2. We see that the Bell-type inequality for
relative entropy of coherence is violated for 0 ≤ p . 0.07.
Moreover, for l1-norm of coherence,
BCl1 = 10− 8p.
The value of the above inequality is larger than 8 if p ∈ [0, 14 ).
Based on above observations, we ask the following ques-
tion: when Alice and Bob choose observables Q, R, S and T
such that Bell inequality is violated and the maximal value
2
√
2 is obtained, then do these observables violate Bell-type
inequalities in coherence theory? We find that this is not true
as shown below. As we know, when |Ψ〉 = 1√
2
(|01〉 − |10〉),
and we take Q, R, S and T as the following [26]:
Q = Z, R = X (11)
S = (−Z −X)/
√
2, T = (Z −X)/
√
2 (12)
then the Bell inequality attains the maximal value. The eigen-
states of these observables are
Q : { | 0〉, | 1〉 } , R : { | +〉, | −〉 }
S : { | S+〉, | S−〉 } , T : { | T+〉, | T−〉 }
where |S+〉 = 1α (|+〉 + |0〉) and |S−〉 = 1β (|+〉 − |0〉)
are the eigenstates of the observable (−Z − X)/√2, and
5|T+〉 = 1α (|+〉 + |1〉) and |T−〉 = 1β (|+〉 − |1〉) are
the eigenstates of the observable (Z − X)/√2, and α =√
2 +
√
2, β =
√
2−√2. After some simple calcula-
tions, we have Cl1(Q,S, |Ψ〉) + 1 = Cl1(R,S, |Ψ〉) + 1 =
Cl1(R, T, |Ψ〉) + 1 = Cl1(Q,T, |Ψ〉) + 1 = 2 +
√
2,
and Cr(Q,S, |Ψ〉) = Cr(R,S, |Ψ〉) = Cr(R, T, |Ψ〉) =
Cr(Q,T, |Ψ〉) = H( 14α2 , 14α2 , 14β2 , 14β2 ) = 1.6009, where
H(~p) = −∑i pi log pi is the Shannon entropy. Thus,
BCl1 = 4 + 2
√
2 < 8,
and
BCr = 3.2018 < 4.
IV. BELL-TYPE INEQUALITY FOR RELATIVE ENTROPY
OF COHERENCE AS AN ENTANGLEMENTWITNESS
Below we choose a set of observables Q, R, S and T, in
whose basis, the Bell-type inequality for relative entropy of
coherence is violated by all two-qubit entangled pure states,
acting as an entanglement witness. We also find that, in the
same basis, Bell-type inequality for l1-norm of coherence is
violated by a large number of two-qubit pure entangled states.
Proposition 3. For any two-qubit entangled pure state, |ψ〉 =
cos θ2 |00〉 + sin θ2eiφ |11〉, where θ ∈ (0, pi) and φ ∈ [0, 2pi],
there exist observables Q, R inHA and S, T inHB , such that
Cr(Q,S, ρAB) + Cr(R,S, ρAB)
+ Cr(R, T, ρAB)− Cr(Q,T, ρAB) > 4.
Proof. Consider the following basis:
Q : { | 0〉, | 1〉 } , R : { | R+〉, | R−〉 }
S : { | S+〉, | S−〉 } , T : { | 0〉, | 1〉 }
where
|R+〉 = 1√
2
(|0〉+ ieiφ |1〉),
|R−〉 = 1√
2
(|0〉 − ieiφ |1〉),
and
|S+〉 = 1√
2
(|0〉+ |1〉),
|S−〉 = 1√
2
(|0〉 − |1〉).
For these observables, relative entropy of coherences are
Cr(R,S, |Ψ〉) = 2, Cr(R, T, |Ψ〉) = Cr(Q,S, |Ψ〉) = 1 +
h
(
cos2 θ2 , sin
2 θ
2
)
, Cr(Q,T, |Ψ〉) = h
(
cos2 θ2 , sin
2 θ
2
)
, where
h(p, 1−p) = −p log2 p−(1−p) log2(1−p) is the Shannon en-
tropy for the probability distribution { p, 1− p }. Therefore,
Cr(Q,S, |Ψ〉) + Cr(R,S, |Ψ〉)
+ Cr(R, T, |Ψ〉)− Cr(Q,T, |Ψ〉)
= 4 + h
(
cos2
θ
2
, sin2
θ
2
)
.
Thus, for above set of observables Q, R, S, T , we see that
when |ψ〉 is entangled (i.e., θ ∈ (0, pi)), Bell-type inequal-
ity for relative entropy of coherence is violated, serving as an
entanglement witness.
However, the set of observables Q, R, S, T do not al-
ways violate the Bell-type inequality for l1-norm of coher-
ence, as shown below. For these observables, l1-norm of
coherences are Cl1(R,S, |Ψ〉) + 1 = 4, Cl1(R, T, |Ψ〉) +
1 = Cl1(Q,S, |Ψ〉) + 1 = 2(| cos θ/2| + | sin θ/2|)2 and
Cl1(Q,T, |Ψ〉) + 1 = (| cos θ/2|+ | sin θ/2|)2. Hence,
[Cl1(Q,S, ρAB) + 1] + [Cl1(R,S, ρAB) + 1]
+ [Cl1(R, T, ρAB) + 1]− [Cl1(Q,T, ρAB) + 1]
= 4 + 3(| cos θ/2|+ | sin θ/2|)2
= 7 + 3 sin θ.
Thus, we see that when θ ∈ (arcsin 13 , pi − arcsin 13 ), the in-
equality is violated
[Cl1(Q,S, ρAB) + 1] + [Cl1(R,S, ρAB) + 1]
+ [Cl1(R, T, ρAB) + 1]− [Cl1(Q,T, ρAB) + 1] > 8,
and when θ ∈ [0, arcsin 13 ] ∪ [pi − arcsin 13 , pi], it does not
exceed 8.
V. CONCLUSION
Bell’s theorem is regarded as one of the most profound dis-
coveries of science. It is a ‘no-go theorem’ that draws distinc-
tion between quantum mechanics and the world as described
by classical mechanics. It states that no physical theory of lo-
cal hidden variables can ever reproduce all of the predictions
of quantum mechanics. Bell had constructed a mathematical
inequality derived from locality and reality assumptions, that
could be tested experimentally and showed it to be violated
by certain entangled quantum mechanical states. Violations
of Bell inequalities form necessary and sufficient criteria to
detect entanglement in pure bipartite states. As entanglement
arises from quantum coherence, in this work, we have inves-
tigated Bell-type inequalities for different valid measures of
coherence. First, we constructed Bell-type inequalities for
l1-norm of coherence and relative entropy of coherence, and
found that these inequalities are violated by the maximally
entangled two-qubit pure states. Furthermore, we showed that
Bell-type inequality for relative entropy of coherence is vi-
olated by all two-qubit entangled pure states. Thus, we see
that violation of the Bell-type inequality serve as an entan-
glement witness. We conclude by stating some future direc-
tions that one could explore: we don’t know whether these
inequalities are violated by all two-qubit mixed states. Also,
we don’t know the maximal values of violation of the Bell-
type inequalities that we have obtained.
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